We present a phytogeographic regionalization based on native woody flora, identifying the most useful taxonomic level, geographic variables, and orographic pattern, selecting Italy as a case study. We generated seven distance matrices among the 20 administrative regions, and using Pearson's correlation coefficients and PCA, we verified whether distances between regions were invariant across the different sampling strategies.
Introduction
The distribution of species through time and space remains a central research theme at all scales (Heikinheimo et al. 2007 , Rueda et al. 2010 . Biogeographic regions, which are important generalisations of the organisation of life on Earth based on past and current physical and biological components, provide the spatial framework for studying many basic questions in historical and ecological biogeography, systematics, and evolutionary biology (Kreft and Jetz 2010) . Ecological biogeography, in particular, seeks the causes explaining distribution patterns in short temporal scales (Posadas et al. 2006) . Biogeographic regions have been used in macroecological studies of species richness as well as for applied ecology purposes (Olson et al. 2001 ). In addition, the delineation of biogeographic regions represents a useful tool in conservation planning and management, as recognised by classic and applied biogeographers (Heikinheimo et al. 2007 , Rueda et al. 2010 , Whittaker et al. 2013 ).
Early biogeographic regionalizations at the continental scale were based on vegetation zones or relationships between climate, plants, and animals (von Humboldt 1806, de Candolle 1855, Wallace 1876). Later, Takhtajan (1986) proposed a system of phytochoria (phytogeographic units) based on plant endemism levels.
The currently accepted European biogeographic map was developed by Rivas-Martinez et al. (2004) . As for Italy, the regionalization proposed by Giacomini (1958) is still widely accepted as the most consistent one. Peruzzi et al. (2014) recently described floristic affinities between the 20 administrative regions in Italy, by using a dataset comprising 1371 endemic species and subspecies.
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Shortcuts for quantifying species patterns at different scales have recently assumed a great interest not only in biogeography but also in conservation planning and management. Woody flora, trees in particular, have been shown to be important biodiversity surrogates for highly heterogeneous areas such as the Iberian Peninsula (Veetas and Ferrer-Castán 2008) ; as concerns Italy, woody plant richness has been shown, at a medium scale, as a good predictor of the overall floristic richness (Abbate et al. 2015) . Furthermore, evidence suggests woody flora and trees as the biotic drivers of animal distribution by providing a habitat structure, as measured by tree distribution, appearing to have a strong influence on the biogeographic structure of many animal groups (Rueda et al. 2010) . Based on the assumption that family and genus identification is easier than species identification, some authors have used a higher-taxon approach as a valid alternative to species in several groups of organisms (La Ferla et al. 2002 , Prinzing et al. 2003 , Villaseñor et al. 2005 , Posadas et al. 2006 , Heino and Soininen 2007 , Mandelik et al. 2007 ).
Looking for stable correlation structures independent of the adopted descriptors is a crucial step for any scientific field. Only robust structures obtained across different formalisation schemes can be considered consistent 'phase space' structures for the considered system (Hoover 1985, Broomhead and King 1986) .
Because the system studied here has a strong coupling between its elements (plant taxa), we can hypothesise that any sufficiently dense sampling of the floristic elements at different taxonomic levels (units, species, and genera) should keep track of the same underlying structure, as all levels are part of the same integrated system. In quantitative terms, this translates into looking for mutual correlations among the floristic distance matrices computed for Italian regions at different levels of taxonomic resolution. This invariant set of between regions floristic-based distances could then be considered an effective basis for Italy's phytogeographic description.
Thus, by using Italy and its native woody flora as a case study, we aimed to: 1) assess the basic invariance between different sampling strategies and identify the most explanatory variables; and 2) provide a phytogeographic regionalization for Italy, at a medium scale, on the basis of the identified explanatory variables, and detect correlations between the physical and biological factors shaping the identified phytogeographic structure.
D r a f t 5 2 Materials and methods
Our study involved several steps concerning data sourcing and analysis (Fig. 1 ).
Study area
Italy is an interesting study case for the identification of biogeographic regions based on native woody flora due to its peculiar geographic location in the Mediterranean Sea, rich vascular flora, and highly diverse environments, including habitats (Viciani et al. 2014) . Our previous study (Abbate et al. 2015) indicated that environmental heterogeneity of Italian regions rather than area is much more important for biodiversity, suggesting biodiversity is independent of the size of the analysed area.
Italy has an area of approximately 300,000 km 2 comprising a continental northern sector, a peninsular central- (Blasi & Michetti 2007) . The environmental heterogeneity of the Italian peninsula is due to its extension into the Mediterranean Sea, to the presence of latitudinal and longitudinal orographic systems, and to the influence of the large continental masses of Eurasia and Africa (Abbate et al. 2015) . According to its latitudinal and elevation gradients, Italy should be almost completely covered by coniferous, hardwood, and sclerophyll forests, the exception being the alpine belt, psammophilous and halophilous coastal habitats, and lithosols (Blasi et al. 2010 ).
The biogeography of the Italian peninsula is the result of many palaeogeographic and palaeoclimatic events.
During the Quaternary, several glacial cycles led to local extinction events, followed by rapid re-colonisation events. Italy played a key role in Europe's biogeography as, like other southern European peninsulas, it provided refuge for flora during the glacial periods (Svenning et al. 2008) . The Mediterranean basin, a biodiversity hotspot of worldwide importance, is remarkable in terms of its plant species richness and endemism (Myers et al. 2000 Italy is an interesting study case for the identification of biogeographic regions based on native woody flora due to its peculiar geographic location in the Mediterranean Sea, rich vascular flora, and highly diverse environments, including habitats (Viciani et al. 2014) . Our previous study (Abbate et al. 2015) indicated that environmental heterogeneity of Italian regions rather than area is much more important for biodiversity, suggesting biodiversity is independent of the size of the analysed area.
Data sources
The Italian native woody flora (trees, shrubs, lianas) dataset used here is the same as in Abbate et al. (2015) .
In particular, we superimposed the Raunkiaer system of life forms and subforms (Raunkiaer 1934 , Pignatti 1982 ) over the species and subspecies (units) distribution data derived from Conti et al. (2005) and later updated by Conti et al. (2007) Unfortunately, a complete and updated floristic dataset for the entire country is only available at the regional scale (Abbate et al. 2015) , reason why this scale was adopted.
Seven distance matrices were constructed based on the presence/absence dataset by applying the Hamming metric (Hamming 1950) to the following variables (vector spaces) within each of the 20 regions: a) whole woody flora-families (WF, n° variables = 61), b) genera (WG, n° variables = 133), c) phylogenetic relationships between genera (PhG, n° variables = 133), and d) units (species and subspecies, WU, n° variables = 546); e) trees-families (TF, n° variables = 19), f) genera (TG, n° variables = 33), and g) units (TU, n° variables = 124). As these were non-sparse matrices, using the Hamming metric provided an intuitive, D r a f t 7 unbiased, and suitable way to highlight the differences between the regions. Phylogenetic relationships between genera (PhG) were obtained using the online software Phylomatic (http://phylodiversity.net/phylomatic/html/pm1.html), a tool allowing a rapid phylogenetic reconstruction among a set of taxa sparsely sampled from a large clade (Webb and Donoghue 2005) , used in many studies (e.g. Ricotta et al. 2009 ). PhG assigned a weight to each region depending on the phylogenetic resemblance among the genera present within that region.
The seven data matrices (Mi), hereafter named 'sampling strategies', had the 20 Italian regions as statistical units (rows) and the floristic variables as columns. After applying Hamming's distance, each Mi provided an associated symmetric distance matrix (Di), having the 20 regions as rows and columns and their pairwise distances as the matrix elements. Our first step was to demonstrate the strong invariance among the pairwise distances obtained for the 20 regions (computed using the above data sets).
Statistical methods

Correlation between distance spaces
The amount of invariance between the seven sampling strategies (Mi) corresponds to the Pearson correlation coefficient between the distance matrices (Di) calculated for the sampling strategies. The components of these distance matrices are the 190 (20*19/2) non-redundant distances between regions; the matrices can be comparated to each other after ordering them along consistent numbering. The higher the correlation coefficient, the greater the similarity between the corresponding distance matrices (Di) and the greater the coherence between the sampling strategies (Mi) (Randic et al. 1994 ).
In order to obtain an overview of the correlation between sampling strategies, using principal components analysis (PCA), we computed the eigenvectors of the distance between matrices and extracted the first principal component from the dataset. PCA results were further tested by the oblique principal components (OPC) method. OPC is a divisive variable clustering method in which variables are partitioned by maximising intra-cluster correlation; cluster formation ends when the correlation coefficient between clusters becomes significant, signalling that the clusters are not sufficiently differentiated (Giuliani et al. 2000) .
The distance matrix obtained for all woody genera (WG), which was the most representative of sampling strategies (see the results section), was then subjected to Kruskal-Wish multidimensional scaling (MDS) (Kruskal and Wish 1978) . MDS projects statistical units (regions, in our case) as vector points in a twodimensional space, keeping the original pairwise distances between regions and allowing a topologically consistent representation of the floristic space. Correlations between the two spatial dimensions (mds1 and mds2), geographic coordinates (latitude, longitude), two new theoretical orographic indices (described below), and the amount of total plant diversity (also described below) were obtained using Pearson simple and partial correlation coefficients.
Latitude and longitude values of the barycentre of the different regions were correlated with mds1 and mds2
to check for the relevance of geographic clines.
As shown in several studies (Currie and Paquin 1987 , Field et al. 2007 , Veetas and Ferrer-Castán 2008 , Abbate et al. 2015 , orographic variability scales with climatic variability. Therefore, in highly heterogeneous To analyse the amount of total plant diversity we used PC1BIODIV, a comprehensive index defined in Abbate et al. (2015) . In detail, PC1BIODIV is the first component of a PCA (61% of total variance) carried out using the Italian regions as the statistical objects, and the summary statistics for the total vascular flora and woody flora as variables (number of families, genera, species, units, and endemic units) (see Appendix for data).
These PCA values were used as synthetic biodiversity scores within each region.
To delineate floristic homogeneous areas, the 20 regions were clustered in the two-dimensional space defined by the MDS axes using k-means clustering, the most popular non-hierarchical classification technique (Bishop 2005 , Heikinheimo et al. 2007 , Rueda et al. 2010 . The results of the MDS scaling (region's scores on MDS axes) were submitted to k-means clustering instead of the original distance matrix because the MDS space almost completely (96%) explained the original information regarding the distances between regions. In order to choose the optimal value of k (number of classes), we looked at the proportion of variance explained by the several partitions at increasing k values: a plateau in the curve relating the percentage of variance explained by the partition at increasing k marked the optimal structural classification of the data (Crescenzi and Giuliani 2001 ).
Results
Correlation between distance spaces
The seven different sampling strategies, based on different taxonomic levels, were strongly correlated with each other (Table 1) . PhG was an exception as it presented moderate (but still highly significant) correlation coefficients with the other sampling choices. The high correlation (r = 0.939) between TU and WU was noteworthy.
Given the high correlation between variables, PCA's first component (PC1) explained 80% of the system's variability. The variables WG, TF, TU, and WU were the most related with PC1, while PC2 (explaining 10% of total variance) accommodated the singular properties of PhG and WF (Table 2) .
No statistically significant partition of the dataset was revealed by the OPC analysis applied to the seven distance matrices, with only one statistically significant class being found (data not shown).
Based on this important equivalence of the different sampling strategies, the subsequent analysis focused on D r a f t WG, which was the variable most correlated with PC1 (r = 0.955) (Table 2) , and thus, the most strongly associated with the underlying biogeographic structure.
Phytogeographic regionalization
The plot of the 20 regions in the space defined by mds1 and mds2, resulting from the multidimensional scaling applied to WG's distance matrix, almost completely (96%) explained the original information (Fig.   2a ). The distribution of regions in the mds1/mds2 two-dimensional space mirrored their relationships in terms of floristic patterns (Fig. 2a) . The first axis (mds1) corresponds to the North-South gradient, as indicated by the high and significant correlation between mds1 and latitude (r = 0.932, p < 0.0001) ( Table 3 , Fig. 2b) ; the second axis (mds2), although only moderately but significantly correlated with longitude (r = -0.624, p = 0.003) (Table 3) , evidenced a less pronounced Eastern (Adriatic)-Western (Tyrrhenian) cline. The above hypothesis is supported by the correlation observed between latitude and longitude (r = -0.580, p = 0.007) (Table 3 ) due to the North-West/South-East orientation of the Italian peninsula; the correlation between mds1
and longitude (r= -0.569, p = 0.009) (Table 3) is almost identical to that observed between latitude and longitude, suggesting mds1 can be interpreted as a pure North-South gradient.
A strong and significant correlation was found between DITA and DSIMM (r = 0.853, p < 0.0001) (Table 3) , possibly due to the Italian territory presenting almost equal percentages coverage values of the three orographic belts.
The correlation between PC1BIODIV and DITA was significantly negative (r = -0.645, p = 0.002, Fig. 3) ; this correlation appears not to be influenced by the North-South gradient because it remained almost identical (Partial r = -0.612, p = 0.007) when the possible confounding effects of latitude and longitude were removed.
The correlation between PC1BIODIV and DSIMM (r = -0.549, p = 0.012) was markedly lower than the one found between PC1BIODIV and DITA.
MDS (Fig. 2a) Abies, Betula, Carpinus, Cercis, Cotoneaster, Cytisophyllum, Fagus, Humulus, Laburnum, Ligustrum, Loranthus, Staphylea, and Tilia.
Discussion
The present study identified Italy's phytogeographic structure at a medium scale, which was largely invariant across different sampling strategies. The strong correlation among the seven sampling strategies (data matrices) of the Italian native woody flora at the several taxonomic and life-form levels suggests the existence of a single hidden phase space defining the state of the system, which can be exhaustively described by a minimum number of variables (in this case woody taxa and, more specifically, woody genera distance). Once the invariance of Italy's phytogeographic characters was established, we were able to look for woody flora patterns and their correlation with orographic and geographic variables. As mentioned above, Italian regions have natural geographic borders (catchment basins, mountain ranges, sea) that allow considering them as proper divisions of the Italian territory. Our results confirm this hypothesis: the different sampling strategies of the regions gave a strongly invariant picture of Italy. Thus, the studied system is imposing its structure to the measurement paradigm, and not the other way around (Allen and Yen 2001) , confirming the congruence of regional categorisation.
The level 'genera' (WG) appeared to be the explanatory variable that best described the woody flora pattern in the considered Italian regions, as it was the most correlated with the PCA's first component. Similar results
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12 for the level 'genera' have been found for phytogeographic regions in other continents (La Ferla et al. 2002) and for zoogeographic regions (Rueda et al. 2013) , suggesting that knowledge at the species and subspecies level is often not indispensable for bioregionalization at a coarse scale. This result encourages the use of higher taxa for studying spatial patterns, especially in highly heterogeneous areas, diminishing the cost, time, and requirement for species experts in large-scale surveys; in fact, many authors have already remarked the reduction in costs when applying coarse taxonomic resolution for conservation purposes (Heino and Soininen 2007, Mandelik et al. 2007 ).
The use of the dataset 'native woody flora' as a shortcut to study biodiversity was also validated by the high correlation between TU and WU ( Table 1) in terms of qualitative data; this result is consistent with previous findings regarding the correlation between the amount of woody units (trees in particular) and total vascular plant richness (Abbate et al. 2015) .
The phylogenetic genera diversity (PhG) resulted to be less informative than family, genera, and units diversity for explaining Italy's current floristic patterns, suggesting complex palaeogeographic, palaeoclimatic, and human-related events have shaped the phylogeny of Italian flora , Magri 2008 , Svenning et al. 2008 . Notwithstanding, the moderate correlation values found between PhG and other sampling strategies might be used to perform a coarse assessment of the effects of history on current woody flora distribution.
A latitudinal cline in the woody genera distribution along the Italian regions was evidenced by the regional distribution along the first ordination axis (mds1), that followed a North-South gradient, and by the strong correlation found between mds1 and latitude. A longitudinal cline was also present, as indicated by the significant correlation found between mds2 and longitude, distinguishing the bioclimatic conditions existing between the western-Tyrrhenian and eastern-Adriatic sides of peninsular Italy. All these features are congruent with the bioclimatic framework and vegetation series described by Blasi and Michetti (2007) and by Blasi (2010) .
The positively biased Italian orography towards hills (42% of hills instead of 33%) has led to a higher biodiversity than that expected under a theoretical maximum symmetry of altimetric belt. In fact, DITA was more correlated than DSIMM to PC1BIODIV. This was an indirect proof of hill's higher relevance for defining biodiversity, expressed by vascular species richness, compared to plains and mountains. A very high D r a f t 13 vegetation diversity in Italian hills was also observed by Blasi (2010) . Thus, the index DITA might be useful tool to analyse floristic orographic patterns. Altitude range, being a surrogate for climatic heterogeneity, has an important and direct effect on flora distribution, regardless of the geographic clines, as already demonstrated in other studies (Moreno Saiz and Lobo 2008 , Veetas and Ferrer-Castán 2008 , Grau et al. 2012 .
For the Balkans, tree species richness was shown to be strongly correlated with the elevation range and weakly correlated with rainfall (Field et al. 2007) . Recent landscape classification of the Czech Republic, based on the distribution of the natural habitats, showed that cluster separation is primarily determined by altitude and related climatic factors (Divíšek et al. 2014) . At the European scale, animals distribution has also been correlated with topography and climate (Heikinheimo et al. 2007 , Rueda et al. 2010 ).
The woody genera distribution along geographic clines, where neighbouring regions showed no noticeable discontinuity between them, explained why Italian regions were not very strongly separated. However, the Kmeans clustering showed a separation between northern (alpine) and peninsular Italy. The separation between alpine and peninsular regions was also highlighted in the clusters obtained by Rueda et al. (2010) based on tree flora, by Bohn and Neuhäusl (2000/2003) based in forest types, by Pignatti (2011) and by Peruzzi et al. (2014) considering the entire Italian endemic flora (1371 species and subspecies). The regionalization based on woody genera presented in the present study was also able to distinguish the 'purely Alpine' from the 'Alpine-Po Valley' sector and to identify Sardinia's strong insularity. The lack of a clear discontinuity between clusters can be specifically linked to the 13 genera shared by all groups except 'Sardinia'. A geographic cline was also evidenced by woody genera richness as the number of genera strongly increased from the 'purely Alpine' to the 'Southern' sector. The peculiarity of the 'Southern' sector was also marked by the presence of nine exclusive genera, most including endemic or Mediterranean species. The strong insularity of 'Sardinia' was more related to the lack of many genera than to the presence of exclusive ones.
Despite the adopted scale, our regionalization is consistent with that stated by other authors (Giacomini 1958 , Takhtajan 1986 , Rivas-Martinez 2004 . In particular, Giacomini (1958) Apennine province in order to comprise the Southern Apennines in the Apennine sector. Giacomini (1958) , Rivas-Martinez (2004) , Arrigoni (2006) and, more recently, Peruzzi et al. (2014) , have all pointed out the peculiar phytogeographic structure of Sardinia, characterised by a rich Sardinian and Sardinian-Corsican endemic taxa, classifying it as an autonomous sector. In conclusion, the phytogeographic structure of Italy can be detected using only a few variables, like woody genera (133 variables), as indicated by the overlapping of our results with these ones. Our regionalization adds useful insight into the country's biogeographic patterns to the previous biogeographic classifications.
Unfortunately, the available database for the administrative regions used here did not allow further distinguishing of sub-sectors, as far as peninsular Italy is concerned, within the Mediterranean and temperate
Italian regions. For areas with high environmental heterogeneity such as Italy, the next step will be to test our method at a finer scale and to identify phytogeographic sub-sectors, surely more appropriate for conservation purposes. As recently pointed out by some authors, regionalization 'holds continuing relevance to pure and applied biogeography' Whittaker 2011, Whittaker et al. 2013 
